speech was perceived as slightly varying. It was argued that a more trained talker would be preferable in order to achieve a speech material as consistent and ' transparent ' as possible.
3) The scoring rules for a sentence test determine when a listener ' s response is considered correct, and these rules typically permit minor response deviations from the actual sentence. The CLUE scoring rules permit both some general variations, e.g. a change of verb tense, and a few specifi c variations. In the evaluation, it was argued that the CLUE scoring rules might cause less consistent scoring than would be desirable, and a clarifi cation of the rules was recommended. A project was established with the objective of creating a new speech intelligibility test that was based on CLUE but took the abovementioned concerns into consideration. The test was to be validated for both normal-hearing (NH) and hearing-impaired (HI) listeners, since homogeneous test results for NH listeners do not necessarily imply homogeneous results for HI listeners (McArdle & Wilson, 2006) . In addition, the goal was to create a test that corresponds to the current HINT standard (Bio-logic Systems Corp., 2005) , such that it can be referenced as ' the Danish HINT ' . The standard demands test lists with 20 sentences per list, which is twice as many as in the original HINT and in CLUE. It was assumed that an improved speech material for the new test could be achieved by exchanging some of the CLUE test sentences with sentences from the CLUE practice lists.
As part of the project, effects of learning, typically involved in a sentence test, were investigated. Here, learning is considered as the combination of two separate effects; one related to ' practice ' and one related to ' memory ' . The practice effect is associated with performance improvements that follow from getting more experience with the test; the memory effect is associated with performance improvements that follow from the recollection of specifi c sentences. The practice effect evolves continuously with each sentence that is presented, while memory only affects performance when sentences are reused with the same listener. In the validation experiments of the present study, a practice effect was estimated from the improvements in the listeners ' performance during their fi rst test session. In a validation retest after three weeks, where the sentence lists from the fi rst test session were reused, a combined learning effect (practice and memory) was assessed. The distribution of the learning effect between practice and memory in such a retest was investigated in an additional experiment with HI listeners.
From CLUE to a Danish HINT

Test of naturalness
The naturalness of the CLUE sentences was judged by a panel of 10 native and ' naive ' Danish speakers and by two professional linguists. For various reasons, 15 of the practice sentences were rejected in advance, leaving 235 sentences for the naturalness test. The panel judged the written version of the sentences on a scale from 1 ( ϭ ' artifi cial ' ) to 7 ( ϭ ' natural ' ) . The requirements for a sentence to be ' natural ' were (1) that it did not contain unusual Danish words; and (2) that it could have been used in an ordinary conversation. A mean rating of 5 or above among the naive participants was set as the requirement for including a sentence in the test lists. In addition, up to three sentences with a score between 4.0 and 4.9 would be accepted in each test list. A score of 5 or above was achieved by 176 sentences, and 41 sentences received a score between 4.0 and 4.9. A suffi cient number of ' natural ' sentences were thus available to compile 10 new 20-sentence lists.
Generation of the test lists
The 18 original CLUE test lists and two of the CLUE practice lists were combined to create ten 20-sentence lists. The CLUE list with the lowest mean speech recognition threshold in noise (SRT N ), as determined during the CLUE validation process, was successively paired with the list with the highest SRT N in an attempt to achieve lists with equalized SRT N s. In these lists, the ' unnatural ' sentences were exchanged with sentences from the pool of ' natural ' sentences, preferring those with a higher naturalness score. The exchanged sentences were reshuffl ed among the lists by a computer-based trial-anderror routine in order to maintain the phonetic balance between the lists as closely as possible (Nielsen & Dau, 2009) . It was observed that the 24 sentences with a naturalness score of 4.0 to 4.9 had been distributed with two or three sentences in each list. Three practice lists were compiled from the sentences that were deemed ' unnatural ' or omitted at previous stages.
Permitted response variations
A new set of rules for permitted variations in the listener response was created for the Danish HINT; the main difference from the CLUE scoring rules was the omission of alternatives for some specifi c words. The fi nal scoring rules for the Danish HINT permit the following response variations: (1) change in verb tense; (2) change in article; (3) change between singular and plural nouns; (4) reordering of words; (5) addition of extra words or phones; and (6) omission of a single phone (e.g. the [t] that changes adjectives to adverbs in Danish). Several variations are permitted in a single response.
Test validation with NH and HI listeners
The purpose of the validation was to establish normative data for the test and to investigate the test reliability. Normative data can only be established for NH listeners, whereas the reliability can be judged for both NH and HI listeners from the within-subject standard deviation of the SRT N and the variation of the mean SRT N of the test lists. All listeners participated in a retest after three weeks. The requirements for participation were: (1) age 18 -45 years; (2) hearing threshold Յ 20 dB HL at both ears (0.125 to 8 kHz), yet a threshold of 25 dB HL was allowed at one frequency per ear;
Method
LISTENERS
(3) Danish as native language; (4) no previous experience with CLUE; and (5) variation in the educational background for the group. The age of the HI listeners was between 61 and 69 (mean 65.9 years) and the requirements for participation were: (1) Age 60 -70 years; (2) a hearing loss caused by presbyacusis, refl ecting symmetrical mild-to-moderate sloping hearing loss; (3) at least one year of experience with wearing a hearing aid; (4) Danish as native language; (5) experience with DANTALE II (Wagener et al, 2003) ; (6) no previous experience with CLUE; and (7) variation in the educational background for the group.
APPARATUS AND PROCEDURE
The validation tests took place in a soundproof booth and the stimuli were presented diotically over Sennheiser HD580 headphones. The sound level was calibrated using the ear simulator and fl at plate adaptor specifi ed in IEC 60318-1 (2009), and a Br ü el and Kj ae r measuring amplifi er (type 2636). All testing was conducted without the use of hearing aids. The tests were conducted according to the standard HINT procedure (Bio-logic Systems Corp., 2005) , controlled by a MATLAB application. The order of the sentences within each list was randomized before presentation of the list. The listeners received oral instructions before the test and were encouraged to guess if necessary when responding to the presented sentences. Each listener was tested with all 10 test lists. The order of the test lists was counterbalanced across listeners (using Latin squares) to avoid order effects. A short break was included after completion of the fi rst fi ve lists.
In order to familiarize the listeners with the task and to reduce the practice effect during the validation, a training procedure was conducted before the actual test. For the NH listeners, two practice lists in noise were presented. For the HI listeners, this procedure was preceded and extended by two practice lists in quiet in order to introduce the test smoothly and to determine an appropriate noise level for the subsequent list presentations in noise. The speech recognition threshold in quiet (SRT Q ) of the second practice list determined the level of the noise. If SRT Q Յ 45 dB(A), the noise level was fi xed at 65 dB(A). If SRT Q Ͼ 45 dB(A), the noise level was fi xed at SRT Q ϩ 20 dB. This determination of the level for HI listeners followed the current HINT recommendations (Bio-logic Systems Corp., 2005) . For the NH listeners, the noise level was always fi xed at 65 dB(A).
The retest three weeks later followed the same schedule and procedure as the test, except that the practice lists in quiet were not presented. The individual noise levels determined during the fi rst visit were also used in the retest. The order of the lists was the same as during the test, but the randomization of the sentences within the lists was different.
Results
VALIDATION
All SRT N s in the present study were calculated according to the current HINT standard (Soli & Wong, 2008) . The overall SRT N across test lists and NH listeners was Ϫ 2.52 dB with a standard deviation of 0.87 dB; the within-subject standard deviation was 0.86 dB. For the HI listeners, the overall SRT N was 0.09 dB with a standard deviation of 1.79 dB; the within-subject standard deviation was 0.92 dB.
For each of the 10 lists, a mean list-SRT N across the listeners was calculated. A normalized result is shown in Figure 1 for the NH listeners (black circles) and the HI listeners (grey circles). For the NH listeners, the list-SRT N standard deviation was 0.32 dB and the maximum deviation from the overall mean was 0.63 dB. For the HI listeners, the list-SRT N standard deviation was 0.39 dB and the maximum deviation from the overall mean was 0.60 dB. The normalized list-SRT N s were similar for the two groups; the largest deviation of 0.50 dB was observed for list 2. However, even for this list, an unpaired t-test did not show a signifi cant difference between the list-SRT N for the two groups [p ϭ 0.15].
For the NH listeners, a two-way ANOVA showed a signifi cant effect of list at a 0.05 level but not at a 0.01 level [F (9, 135) Figure 2 shows the mean SRT N across the 10 test lists for each of the NH listeners (black circles) and each of the HI listeners (grey circles). The subject-SRT N variation among the HI listeners was 6 dB and thus much larger than for the NH listeners (1.1 dB).
PSYCHOMETRIC FUNCTIONS
The psychometric function of the test was determined for each individual listener. The data points were based on the percentage of correctly repeated sentences at each of the signal-to-noise ratios (SNRs) of the adaptive procedure. (The adaptive procedure makes presentations that only deviate 0.2 dB SNR from each other possible. These presentation levels were pooled in bins of one dB around the integer values of the SNR.) The sentences at list positions 5 -20 in the 10 test lists were included in the calculation, resulting in 160 data points for each listener. For each listener, a cumulative normal distribution function was fi tted to the data, estimating a psychometric function. For the NH listeners, the steepest slope of these curves varied from 10.9 to 20.7 %/dB with a mean value of 16.8 %/dB. For the HI listeners, the steepest slope varied from 7.5 to 24.1 %/dB with a mean value of 14.7 %/dB. The steepest slopes of the psychometric functions are shown in Figure 3 as a function of the corresponding subject-SRT N for each listener. For the HI listeners (grey circles), Figure 4 shows the mean SRT N as a function of the list position during the test sessions. For each position, the SRT N was determined as the mean across the combinations of listeners and lists at that position during the test (n ϭ 16), calculated separately for the NH listeners (black circles) and the HI listeners (grey circles). The data were normalized with respect to list-SRT N and subject-SRT N , i.e. the effects of list and listener were removed. A linear regression line was fi tted to the data for the 10 list positions; the slopes were (with 95% confi dence intervals): Ϫ 0.05 [ Ϫ 0.09, Ϫ 0.008] dB/position for the NH listeners and Ϫ 0.025 [ Ϫ 0.08, 0.03] dB/position for the HI listeners. For the NH listeners, the major effect of practice seemed to occur during the two fi rst list presentations. If these two presentations were taken out of the linear regression, the slope would reduce to Ϫ 0.027 [ Ϫ 0.08, 0.03] dB/position. Thus, a signifi cant practice effect was only observed for the NH listeners and only when the effect was considered over all 10 list presentations. The black linear regression line is a best fi t to the means for the NH listeners; the grey line is a similar fi t for the HI listeners. The decreasing trend indicates improved performance due to practice. For the HI listeners, the overall SRT N in the retest was Ϫ 0.27 dB, a decrease of 0.36 dB compared to the initial test. The overall SRT N standard deviation was 1.86 dB and the within-subject standard deviation was 0.83 dB. A two-way ANOVA showed no signifi cant effect of list [F (9, 135) ϭ 1.09, p ϭ 0.37], but a highly signifi cant effect of listener [F (15, 135) ϭ 44.6, p Ͻ 0.0001].
Test-retest learning effect
Discussion
The Danish HINT evaluated in this study produces normative data that are comparable to other language versions of HINT. The SRT N for the NH listeners is Ϫ 2.5 dB, which falls slightly outside the range of Ϫ 5.3 to Ϫ 2.6 dB observed for the 13 versions of HINT listed in Soli & Wong (2008) . The relatively high SRT N for the Danish test might be caused by the complexity of the sentences and the use of a non-professional talker. This does not necessarily represent a disadvantage of the test. One of the goals of creating a new test was to achieve a normative SRT N that is considerably higher than that of existing Danish tests such as the DANTALE II test ( Ϫ 8.4 dB; Wagener et al, 2003) . The normative standard deviation of the SRT N for the Danish HINT, 0.87 dB, is similar to the mean for the HINTs reported in Soli & Wong (2008) .
The observed effect of list in the validation test with NH listeners corresponds to the results obtained for the American HINT (Nilsson et al, 1994) and the Swedish HINT (H ä llgren et al, 2006) . Although the list effect is signifi cant at a 0.05 level, a post-hoc analysis with a Bonferroni correction (n ϭ 10) showed that none of the list-SRT N s deviated signifi cantly from the overall SRT N at a 0.05 level. A similar result is obtained when performing a post-hoc analysis of the validation data for the HI listeners. Thus, the post-hoc analysis of the validation results does not indicate that certain lists should be avoided when using the Danish HINT for SRT measurements.
The overall SRT N for the HI listeners (0.09 dB) was found to be 2.6 dB higher than for the NH listeners ( Ϫ 2.52 dB). This suggests that the test is sensitive to the listeners ' ability to follow a conversation in noise. For the HI listeners, the noise level was fi xed at 20 dB above the SRT Q (or minimum 65 dB(A)). This approach reduces the role of audibility and increases the sensitivity of the SRT N to other speech-reception diffi culties such as cognitive factors. However, reduced audibility in some frequency regions may still explain part of the poorer performance for some of these listeners.
The within-subject standard deviation of 0.92 dB for the HI listeners was found to be only marginally larger than the value of 0.86 dB for the NH listeners. Thus, the reliability of the test seems similar for the two groups. However, this result may partly be explained by the HI listeners ' previous experience with DANTALE II; this was one of the requirements for their participation in the present study. Trained listeners are typically more focussed on the task and show a more reliable performance than untrained listeners. This may have reduced the within-subject standard deviation.
During the presentation of the 10 test lists, the practice effect was small in both listener groups, but particularly small for the HI listeners. If the two fi rst test lists were omitted from the calculations for the NH listeners, the effect would reduce to the same level as for the HI listeners. This suggests that the smaller effect observed for the HI listeners could be due to the two additional practice lists that were presented before the actual test session. It thus seems that running four practice lists instead of only two can signifi cantly reduce the progression of the practice effect during the following list presentations.
The similar results obtained in the test and the retest both for NH and HI listeners suggest that the test can be reused after three weeks. The decrease of the overall SRT N of 0.4 dB from test to retest for both listener groups is too small to affect the functionality of the test. Furthermore, the within-subject standard deviation was reduced in the retest and the signifi cant effect of list observed in the initial test was not observed in the retest.
Effects of practice and memory
An additional experiment was performed with a new group of HI listeners. The purpose was to estimate how the learning effect is distributed between practice and memory when sentences are reused with the same listeners. The effects were estimated from the difference in the listeners ' average performance during an initial test and a retest. The within-session progression of the practice effect, as depicted in Figure 4 , was not investigated here.
Method
LISTENERS
Twelve (9 male, 3 female) HI listeners participated. Participation was approved by the ethics committee of Copenhagen County. Their age was between 59 and 72 years, mean 64.8 years. The requirements for the listeners in this group were the same as for the previous HI group (although the age requirement was slightly violated for three listeners).
PROCEDURE
The experiment was divided in two sessions; the second visit took place three weeks after the fi rst (fi ve and a half weeks later for one of the listeners). The practice and the test procedures were similar to those of the test validation experiments. The only major difference was that only fi ve test lists were presented at the fi rst visit. During the experiment, subsets of the 10 test lists were presented in three conditions: (1) fi ve unknown lists presented at the fi rst visit ( ' fi rst visit test ' ); the test results in this condition were not affected by any memory effect; (2) fi ve unknown lists presented at the second visit ( ' second visit test ' ); these results were affected by the progression of the average practice effect between the fi rst and the second visit, but still not affected by memory; and (3) the fi ve lists from the fi rst visit presented again at the second visit ( ' second visit retest ' ); the results in this condition were affected by both memory and a change in the average practice effect. The practice component of the learning effect can thus be estimated from the SRT N difference between ' fi rst visit test ' and ' second visit test ' . The memory component can be estimated from the SRT N difference between ' second visit test ' and ' second visit retest ' .
The test lists of the fi rst visit were counterbalanced across listeners and each list was included in half (six) of the subsets. The order of the lists was also counterbalanced to avoid order effects. During the second visit, the order of the fi ve previously presented lists was the same as during the fi rst visit. The fi ve new lists and their order were counterbalanced across listeners. The previously presented and the new lists interleaved through the second session.
Results
Three mean SRT N s were calculated for each listener: (1) the mean SRT N across the fi ve lists presented at the fi rst visit; (2) the mean SRT N across the fi ve lists presented for the fi rst time at the second visit; and (3) the mean SRT N across the fi ve lists presented for the second time during the second visit. For each listener, the means were normalized with respect to the mean SRT N of the ' second visit test ' in order to remove the large SRT N differences between listeners. The results are shown in Figure 7 . The mean SRT N s across listeners in the three conditions were: 0.10 dB for ' fi rst visit test ' ; 0 dB for ' second visit test ' ; and Ϫ 0.15 dB for ' second visit retest ' . The estimate for the change in the average practice effect from test to retest is thereby Ϫ 0.10 dB. The pure memory effect is estimated to be Ϫ 0.15 dB.
Discussion
The difference in learning effect (practice and memory) from test to retest can be estimated to Ϫ 0.25 dB. This is slightly lower than for the previous group of HI listeners ( Ϫ 0.36 dB), probably because only fi ve test lists were presented during the fi rst visit (instead of 10). The memory effect ( Ϫ 0.15 dB) seems to be slightly larger than the practice effect ( Ϫ 0.10 dB). However, the estimate of the memory effect was dominated by the particularly large effect observed for listener 1. Omitting this result from the calculation would reduce the memory effect to Ϫ 0.04 dB.
The results from the present experiment confi rm the results obtained with the NH listeners and the previous group of HI listeners ( Figure 6 ) that the SRT N change between test and retest is within 0.5 dB for most listeners. The results also indicate that only half or probably less of the SRT N decrease between test and retest is due to a memory effect.
Conclusion
A Danish HINT with 10 test lists and three practice lists was developed. The test lists and practice list are shown in the Appendix. The test validation with NH listeners produced normative data that are comparable to those of other language versions of HINT (Soli & Wong, 2008) . The normative SRT N of Ϫ 2.5 dB for the Danish HINT is slightly above that obtained with other HINTs, and it is substantially higher than the value obtained with another Danish speech test, DANTALE II (Wagener et al, 2003) .
The validation with HI listeners led to SRT N assessments with a within-subject deviation and a between-list deviation that was only slightly different from those obtained with NH listeners. The test is thus expected to produce equally reliable results for NH and HI listeners.
The test and retest with a three-week interval showed only small differences in the measured SRT N s. Changes in the subject-SRT N s were generally within 0.5 dB. Reuse of the test lists after three weeks thus seems possible. The investigation of the separated practice and memory effects suggested that recollection of the sentences only accounts for a minor part of the SRT N decrease between test and retest. Practice list 1 1) Pigerne g å r rundt i haven 2) Hendes ansigt er stadig solbr ae ndt 3) Filmen blev straks en succes 4) Jeg kan godt lide jazzmusik 5) Vi siger tillykke og sk å ler 6) Chauff ø ren ser ind i spejlet 7) Drys retten med hakket persille 8) De m ø rke pletter skyldes maling 9) Drengen stikker h å nden langt frem 10) Han stiller mange sv ae re sp ø rgsm å l 11) De fi k jordb ae rkage til dessert 12) Hatten passer til min t ø jstil 13) Natten bliver klar og k ø lig 14) Jeg glemmer aldrig den musik 15) Lad os bare k ø re igen 16) Jeg tager solbad p å stranden 17) Gymnastik g ø r mig meget st ae rk 18) Du skal b ø rste alle t ae nder 19) Nu blomstrer roserne p å marken 20) Jeg var glad for bryllupsfesten Practice list 2 1) Drengen blev medlem af klubben 2) Ikke langt v ae k ligger r å dhuset 3) Flyttem ae nd har tit ø mme muskler 4) Nu mangler vi blot tallerkner 5) Bogen var billig p å udsalg 6) Cykler kan lejes mange steder 7) I spisestuen var lyset t ae ndt 8) I g å r kom svalerne hertil 9) Jeg havde cyklet i solskin 10) Skoledrengen drikker et glas m ae lk 11) Suppen smagte godt af tomat 12) Vi spadserede en tur sammen 13) En ung pige kommer g å ende 14) Snart fylder rapporten ti sider
